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ABSTRACT: A general aspect of the daytime surface swarming of Euphausia

pact pea in Japanese nearshore waters is described in connection with the water

temperature. Swarming usually starts with a local minimum temperature around

7°C and terminates with a temperature just below 16°C. The swarming season is

essentially in spring, from February through May, with little difference among
regions. The main swarming areas are on the Pacific coast around Kinkazan, and

on the coast of the Sea of Japan around Sadogashima, in Wakasawan and its

vicinity, around Oki, and on the east side of the Tsushima Gunto.

It is shown that the swarming is closely related to cold water masses, and that

the approach of offshore cold water masses to the nearshore areas and the mixing

process in the coastal areas may provide favorable conditions for swarming.

Swarming of E. pacipca is a phenomenon that occurs at the margins of the cold

water bodies, and is related to the seasonal change in the geographical distribution

of those euphausiids.

A uniformly low water temperature profile must be the necessary condition for

swarming, but other possible factors stimulating euphausiids to swarm are

enumerated.

It has been reported frequently from vari-

ous parts of the world that conspicuous day-

time aggregation of euphausiids takes place at

the surface in rather nearshore waters (Table

1). The animals swarm in such large numbers

that the sea surface turns red or brownish-red

from their red and/or orange pigments. This

phenomenon, as Bigelow (1926) pointed out,

differs from their usual vertical migratory be-

havior because it occurs in the daytime, inde-

pendent of the light intensity.

Most previous reports on this peculiar be-

havior of euphausiids have been descriptive,

and very few observations have been made on

its relationship to environmental factors. This

may be attributed not only to the complexity

of animal behavior in general, but also to the

capriciousness of such phenomena. As is the
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case with red tides, the surface swarming of

euphausiids is not predictable from physical

measurements.

Such a swarming phenomenon with Euphausia

pacipca occurs in the nearshore waters sur-

rounding Japan. A fishery based on E. pacipca

is maintained in certain areas —around Kin-

kazan (Komaki, 1957), in Wakasawan Bay

and vicinity, and along the coast of northwest-

ern Kyushu. The local fishermen scoop E.

pacipca swarming at the surface with a pyra-

mid-shaped net. The surface swarming of

euphausiids is regarded as sporadic, but the

existence of the euphausiid fishery means that

the surface swarming of E. pacipca must be at

least an ordinary annual phenomenon.

While participating in the Survey of the

Warm Tsushima Current and Related Waters

during the period from 1953 to 1958, the

author carried out ecological studies on eu-

phausiids and reported briefly on the relation-

ship between water temperature and the swarm-

ing of E. pacipca (Komaki and Matsue, 1958).

The present paper emphasizes this relationship

more extensively, employing additional data,

information, and references.
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TABLE l

Representative Reports on Euphausiid Swarming

REFERENCE SPECIES* REGION SEASON

Smith (1879) M. norvegica Eastport area autumn

Murray (1888) M. norvegica Loch Fyne, Scotland

H. F. Moore (1898) Thysanopoda spp. Eastport area summer, fall

Lo Bianco (1902) M. norvegica around Capri I. Feb., June,

July 1901

Bigelow (1926) M. norvegica Gulf of Maine spring-fall

T. rascloii

T. inermis

MacDonald (1927) M. norvegica Oslo Fjord fall, early win-

ter

Hjord and Ruud (1929) M. norvegica off Mpre, Norway spring-fall

Hardy and Gunther (1935) E. superba S. Georgia waters Nov.-Feb.

Fish and Johnson (1937) Thysanoessa spp. Bay of Fundy

Manteufel (1938, 1941) T. inermis Barents Sea winter-spring

Mossentzova (1939) Barents Sea spring

Dakin and Colefax (1940) N. australis Sydney area Sept. 1938

Einarsson (1945) M. norvegica N. Atlantic spring-summer
Thysanoessa spp.

Gunther (1949) E. superba S. Georgia waters Jan. 1937

Uda (1952) E. pacifica southern part of Sea Feb -May 1948
of Japan

Sheard (1953) N. australis S. Australia, Bass breeding sea-

T. gregaria Strait, S. Victoria, son

N. Tasmania wa-

ters

Fisher et al. (1953) M. norvegica Monaco coasts Aug. 1951

Jan. 1952

Boden et al. (1955) T. spinifera La Jolla coasts June 1948

Peters (1955) E. superba Bouvet area in Ant- December
arctic waters

Komaki (1957) E. pacifica around Kinkazan Feb -May

Komaki and Matsue (1958) E. pacifica Japanese waters Feb -May

Ponomareva (1955, 1959, T. longipes northern part of Sea Mar.-June

1963) T. inermis of Japan, N. Pa-

T. raschii cific

E. pacifica

Zelickman (1961) T. inermis Murman coasts Mar.-July
T. raschii

Brinton (1962^) E. pacifica north of Pt. Con- Apr. 1956
ception

Marr (1962)t E. superba S. Georgia waters
1

* Abbreviations of genus names: E. = Euphausia, M. = Meganyctip banes, N. = Nyctiphanes, T. i= Thysanoessa.

f Review of surface swarming of E. superba in Antarctic waters.
i

SOURCESOF INFORMATION swarming of euphausiids was obtained from

fishermen. Fishermen are the best, most fre-

Swarming quent, and most experienced observers of phe-

Because of the infrequency of swarming of nomena occurring in their favorite fishing

euphausiids in the Sea of Japan since 1953, grounds. From 1954 to 1956, a questionnaire

direct observation of the ph« momenon was not was sent three times to more than 800 local
(

possible, but valuable information on the local fishermen’s unions, which are scattered along
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Fig. 1 . (a), Map showing partition of coastal areas of the Sea of Japan into 27 zones in order to

observe the regional differences in euphausiid swarming. Zones 15 and 16 cover the Wakasawan area. (b),

Fishing ground (shaded area) of Euphausia pacifica in the vicinity of Kinkazan.

the coasts of Honshu, Kyushu, and adjoining

small islands facing the Sea of Japan.

The rate of response to the questionnaire

was approximately 30%. To facilitate analysis

of the replies, the coastline of the Sea of Japan

was partitioned into 27 zones of 0.5° latitude

or according to geographical features of the

coasts (Fig. la ) . The fishermen’s unions were

divided into 27 groups corresponding to these

zones, so that geographical differences in the

swarming, if any, could be detected. There

were many responses suggesting interesting

relationships between the swarming and en-

vironmental factors (hydrographical, meteoro-

logical, biological, and so on) . The author

interviewed fishermen from important regions,

on the basis of the results of the questionnaire,

such as the Wakasawan area. Information that

could be treated numerically (at least to some

extent) was employed in the present paper.

It was learned that, along the Pacific coast,

the area around Kinkazan (Fig. lb) is the only

place where the relatively stationary swarming
is observed every year and the euphausiid fish-

ery is maintained. The author visited this area

in every swarming season and participated in

the euphausiid fishing operation in order to

make direct observations. No written question-

naires were employed there. Reliable quanti-

tative records of euphausiids fished from the

Kinkazan district since 1953 were obtained

from the fish market in Onagawa where al-

most all the euphausiids from this fishing

ground were landed, but no similar numerical

data on the yield of euphausiids were available

from the Sea of Japan.

Water Temperature

Among the important environmental factors

governing distribution and behavior of the

organisms, water temperature is not only the

most important factor, but also is the one for

which data can be obtained most easily. Ac-

cordingly, these data were sought from the files

of the hydrometeorological observations made
by the various maritime and fisheries agencies

listed below:

Federation of Fishermen’s Unions of Miyagi Pre-

fecture, Onagawa Branch. 1953-1959. Fisheries

Statistics.

Fukushima Prefecture, Fisheries Experimental Sta-

tion. 1956. Data on oceanographic observations

off Fukushima Prefecture, 1914-1939-
Imperial Fisheries Research Office, Central Labora-

tory. 1915-1950. Data on oceanographic surveys

in the surrounding areas of Japan.
Iwate Prefecture, Fisheries Experimental Station.
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1954-1956. Data on oceanographic observations

off Iwate Prefecture.

Japan Sea Regional Fisheries Research Laboratory.

1953-1959- Monthly report on the out-lined sea

conditions of the Sea of Japan.

Ministry of Agriculture and Forestry, Section of

Statistics. 1946-1956. Fisheries Statistics.

Miyagi Prefecture, Fisheries Experimental Station.

1910-1959- Records of hydrometeorological obser-

vations at Enoshima, Miyagi Prefecture.

Plankton Samples Collected in the Sea of Japan

Thousands of plankton samples were col-

lected during the period 1953-1958 by various

institutions that participated in the Survey of

the Warm Tsushima Current and Related Wa-
ters. Most samples were collected in a strip

within 100 miles of the coastline. The selected

samples were examined for the purpose of eco-

logical studies on euphausiids, and they were

very useful in the confirmation of euphausiid

species composing surface swarms.

RESULTS

The Species

Examination of specimens landed at the

Onagawa fish market revealed that the eu-

phausiids swarming in the Kinkazan waters

were large specimens of Euphausia pacifica

(longer than 20 mmfrom the tip of the ros-

trum to the end of the telson). Throughout

four fishing seasons, only one stray specimen

of Nematoscelis diffcilis was found among the

catches of huge quantities of E. pacifica. Com-

bined swarmings of more than two species,

such as those reported by H. F. Moore (1898),

Fish and Johnson (1937), and Zelickman

(1961), were not encountered in the Kinkazan

waters.

The following five species of euphausiids

inhabit the Sea of Japan (Ponomareva, 1955;

Komaki and Matsue, 1958) : E. pacifca,

Thysanoessa raschii, T. inermis, T. longipes,

and Pseudeuphausia latifrons.

Plankton samples collected during the sur-

vey showed that E. pacifca and P. latifrons

could be obtained from the areas within 100

miles from the coast. Thysanoessa spp. never

have been collected from that area, although

Ponomareva (1959, 1963) has reported that

the three Thysanoessa species mentioned ap-

pear at the surface, forming remarkably dense

swarms in the northernmost part of the Sea

of Japan. P. latifrons is a small, warm-water

form, shorter than 10 mm in total length

(Hansen, 1916; Brinton, 1962^), and appar-

ently it penetrates into the southernmost part

of the Sea of Japan from the Tsushima Kaikyo

only during summer and fall (Komaki and

Matsue, 1958). Samples from surface swarms

of a few occasions revealed that the swarms

were composed of large E. pacifca only. Thus,

E. pacifca must be the species composing the

surface swarms in the nearshore waters of the

Sea of Japan.

Features of Swarming

Hardy and Gunther (1935) have described

beautifully the swarming behavior of E. su-

perha at the surface, and their descriptions can

be exactly applied to the surface patches of

E. pacifca. The animals swim as close as 1-2

cm from each other, orienting themselves in

one direction as if commanded by a leader.

The swarms look like formless clouds, and fre-

quently change in shape. They are red, brown-

ish-red, or pale brown in color, depending

upon their distance from the surface.

When participating in euphausiid fishing

operations in the Kinkazan waters, the author

found that swarming took place intensively at

intervals of a few days. As shown in Figure 2,

the daily landings of E. pacifca at the Ona-

gawa fish market fluctuate with a pulselike

rhythm. Inasmuch as only surface patches of

euphausiids are harvested because of the fish-

ing method, the landing on a given day is

probably related to the standing crop of

euphausiids swarming at the surface on that

day. Daily catch per unit of fishing effort is

the most suitable term to use in discussing

such a fluctuation of standing crop, but data

indicating fishing effort were not available.

Fishing boats unload their catches at the mar-

ket two or three times a day while euphausiids

are abundant. Accordingly, the aggregate num-

bers of fishing boats in Figure 2 change ap-

proximately in parallel with the landings of

euphausiids.

Efforts were made to relate this pulselike

occurrence of swarming to the environmental

factors that vary within short periods, e.g.,

irradiation, wind direction and intensity, and
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Fig. 2. Daily landings of Euphausia pacifica

( solid line

)

from Kinkazan waters and daily change

of aggregate number of fishing boats ( dashed line)

yielding euphausiids (1959).

the like, but there were no apparent relation-

ships. The yield on a calm day is likely to

be more abundant than that on a rough day,

but this is caused essentially by the relative

difficulty of the fishing operation. The time

of swarming throughout a given day is not

definite. It occurs in early morning on some

days, while on other days it takes place in the

afternoon even in bright sunshine.

Swarming Season

The fishing season of euphausiids corre-

sponds with the swarming season in the area

where the euphausiid fishery is carried out. As

shown in Figure 2, the swarming season during

1959 in the Kinkazan waters started in the

middle of March and terminated at the end

of May. The season, however, changes slightly

from year to year. The swarming season in the

Kinkazan waters ranges between late February

and late May in maximum extent.

Figure 3 shows the general aspect of the

swarming season along the coasts of the Sea

of Japan. The rectangles in Figure 3 show the

range of the swarming season in the zones indi-

cated by the numbers in Figure la. Figure 3

was derived from replies of fishermen to the

question, "In what month (s) do you usually

observe the euphausiid swarming in your favor-

ite fishing grounds?" The three degrees of

swarming intensity of euphausiids were fixed

as follows: 1-3 affirmative response (s) from

a certain zone in a given month were expressed

by a white area, 4-6 affirmative responses by

a shaded area, and more than 7 by a black area.

Actually, each month expressed by a black area

represents more than 15 affirmative responses.

Figure 3 also indicates that the major swarm-

ing regions in the coastal areas of the Sea of

Japan are around Sadogashima (zone 8), in

Wakasawan and vicinity (zones 15 and 16),

off Sanin district including Oki (zones 18-21),

and on the east side of the Tsushima Gunto

(zone 24).

There seems to be a tendency for swarming

to take place earlier in the year in the southern

part of the Sea of Japan. Thus, in the north

of Kyushu (zones 23-25), the most intensive

swarming is observed in February and March;

in the Wakasawan and Sanin districts (zones

15-21), the most notable swarming season is

in March and April (also in May in some

zones)
;

and in the area surrounding Sadoga-

shima (zone 8), the euphausiids aggregate

most actively in April through June. According

to the fishermen’s information, the swarming

season in each zone changes from year to year,

as in the Kinkazan waters. The beginning,

peak, and terminating times of the swarming

are different from year to year. The swarming

season along the coasts of the Sea of Japan

occurs between January and June.

Seasonal Change of Water Temperature

Figure 4 shows the mean surface tempera-

ture and salinity cycles throughout a year at

three representatives coastal points in the Sea

of Japan. All temperature records for a given

month, taken over a period of 26 years, were

averaged. The same was done with salinity

determinations.

Upon comparing Figure 4 with Figure 3, it

may be seen that the occurrence of swarming

is closely associated with colder water tempera-

tures. Swarming starts at a slightly higher tem-

perature than the local minimum, continues

with increasing temperature, and then termi-

nates as the temperature exceeds 16°C. The
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Fig. 3. Swarming season of Euphausia pac/fica in the coastal areas of the Sea of Japan (see text). Zones
are shown in Figure la.

temperature during the swarming season ranges

between 7° and 16°C.

Figure 5 a shows the average change of sur-

face water temperature during the first six

months at Enoshima, a tiny island located in

the middle of the fishing ground for euphau-

siids around Kinkazan (Fig. lb). Daily hydro-

meterological observations have been made at

this island since 1910, with an interruption

during the period from 1945 to 1953. In this

Pacific coastal region, swarming starts with the

minimum surface water temperature (in Feb-

ruary and March), continues as the temperature

rises, and ends when it reaches about 12°C,

thus demonstrating again a relationship between

swarming and low temperature.

The vertical distribution of temperature and

its annual change was also examined for the

Kinkazan waters. Figure 6 shows the mean
annual changes of temperature profiles down
to 200 m at two points 10 miles off Ozaki ( a )

and Shioyazaki (b ) ,
respectively. It was not

possible to learn the results of long-term oceano-

graphic observations carried out at a definite

station adequately close to Kinkazan, which

would have been an ideal station. Therefore

these two stations were substituted. Monthly

observations have been made along the west-

east lines, including the above two stations as

the nearest ones to the coast, for 20 years off

Ozaki and for 24 years off Shioyazaki. Figure 6

shows that sea water is completely mixed from

the top down to a depth of 200 m, and that a i

low temperature prevails during the months

corresponding to the swarming season of
[

euphausiids.

It seems probable that the water temperature
'

profile in the euphausiid fishing ground near

Kinkazan is more nearly similar to that off
j

Ozaki than to that off Shioyazaki, which is

located in the south where the sea conditions

are more directly influenced by the warm
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Fig. 4. Annual changes of surface water temperature and salinity at Nyudozaki (a), Kyogasaki ( b ), and

Okinoshima (c). Locations are shown in Figure la. Measurements were made from 1915 to 1950 with

interruptions in some years.

Kuroshio. Such a condition of low and uniform

temperature as prevails from the surface down
to 200 m in the vicinity of Kinkazan provides

no temperature barriers to euphausiids that may

be dwelling in the depths (Boden and Kampa,

1958). In other words, euphausiids, during

their vertical migration, do not encounter the

temperature difference between day and night

levels that has been discussed by H. B. Moore

(1952).

Annual Variations in Swarming

The statistics for annual yields of euphausiids

recorded at the Onagawa fish market (Table

2) indicate remarkable annual changes in

euphausiid abundance in the vicinity of Kin-

kazan. Each value in Table 2 can be inter-

preted as an index of the standing crop of

swarming euphausiids in each swarming sea-

son, because there were no notable changes in

fishing effort (i.e., the number of fishing boats)

throughout these seven years, and almost all

euphausiids fished in the area were landed at

the Onagawa fish market.

Similarly, in the nearshore waters of the

Sea of Japan, it was also observed that the

extent of swarming fluctuates widely from

year to year. Although profuse swarming oc-

curred during the period from 1943 through

1949 (Uda, 1952), it has been observed only

rarely since 1953. The relative abundance of

euphausiid swarming during the period 1945-

1956 in the nearshore waters of the Sea of

Japan is shown in Figure 7. Each symbol repre-

sents an answer from an individual fisherman.

Figure 7 illustrates that intensive swarming in

the Sea of Japan took place until 1953 but

ceased thereafter. Although no numerical data
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TABLE 2

Annual Yields of Euphausia pacifica from the
Kinkazan Area*

YEAR YIELD (TONS)

1953 431.8

1954 0.0

1955 887.1

1956 1,029.2

1957 274.0

1958 404.1

1959 1,419-1

* From the statistics of the Onagawa fish market.

are available, the information at hand indicates

that the disappearance of swarms from near-

shore waters continued at least until 1958.

In order to relate the annual change in the

euphausiid swarming to the surface water tem-

perature, examination of water temperatures

during the first six months of the year at

Enoshima (Fig. 5a) are plotted in Figures

5b (1954) to 5 g (1959) with 10-day inter-

vals. Each point represents the mean values of

10 daily measurements.

Upon relating Figure 5 to Table 2, it is

quite obvious that the temperature was abnor-

mally higher than the mean throughout the

winter and spring of 1954, when absolutely

no euphausiids were caught. On the other hand,

in 1956 and 1959, when more than 1,000 tons

of euphausiids were captured, the temperature

was a little lower than the mean in February

and March 1956, and it was a little higher

than, but close to, the mean in April and May
1959. Euphausiids were fished mainly in the

early spring of 1956, while they were caught

more abundantly late in the spring of 1959

than earlier (Fig. 2).

The peculiarity of the water temperature in

the winter and spring months of 1954 also

can be learned from Figure 8. Figure 8 is

based on the monthly observations at the sta-

tion 10 miles off Tsubakishima (Fig. la),

which is located closer to Kinkazan than is

Ozaki. Figure 8a shows the water temperature

profile down to a depth of 200 m during the

period from November 1953 to November

1954. Figure 8b shows the temperature profile

at the same station for the following year. It

is obvious that a remarkable temperature gra-

dient was present during the winter and spring

months of 1954, when no euphausiids were

Fig. 5. Surface water temperatures at Enoshima.

(a), Average temperatures for 1910-1944 and 1953-

1959; {b)-{g), deviations from the mean for 1954-

1959.

captured. Considerable warm water occupied

the surface layers in the spring of 1954, espe-

cially in April, which corresponds to the middle

of the swarming season in the Kinkazan wa-

ters. The temperature profile for the next year

(Fig. 8b) shows normal seasonal change in the

area, as is indicated by the temperature profiles

at the stations off Ozaki and Shioyazaki (Fig.

6 ).

The records of water temperatures observed
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NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV

Fig. 6 . Average annual changes of water temperature profile 10 miles off (a) Ozaki during 1919-1939,

and (b) Shioyazaki during 1914-1939. Locations are shown in Figure la.

at Kyogasaki were the only data available for

relating temperature to the long-term change

in swarming in the Sea of Japan shown in

Figure 7. The monthly mean values of water

temperatures in a given month from 1943 to

1957 are plotted in Figure 9. It appears that

all water temperatures in March, from 1943

to 1952, were lower than the accumulated av-

erage value calculated over the years beginning

with 1915 (dashed lines in Fig. 9). March is

the month when swarming takes place exten-

sively in the Wakasawan area. Also, the least

squares regressions (solid lines in Fig. 9) ob-

tained from values during these 14 years sug-

gest an explanation for the disappearance of

euphausiids from the neritic areas. All regres-
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Fig. 7. Fluctuation in relative abundance of Euphausia pacifica swarming at the surface in the coastal areas

of the Sea of Japan, (l) a few, (2) less than usual, (3) usual, (4) more abundant than usual, (5) much

more abundant than usual, (6) extraordinarily abundant.

sions have a positive slope, which means that

successive years tended to be warmer during

this period, and this tendency is greatest in

March and April (Fig. 9 b and c) when the

most extensive swarmings take place.

Predators

It was learned from fishermen that there is

a close relationship between the abundance of

euphausiids at the sea surface and fishes in the

swarming areas of euphausiids. Various pre-

vious workers —Smith (1879), Lebour (1924),

MacDonald (1927), Hjord and Ruud (1929),

Sheard (1953), Zelickman (1961), and Marr

( 1962 ) among others —also reported the eu-

phausiid swarms accompanied by predators

such as fishes, whales, and birds. In order to

take this relationship into account, an investi-

gation was made on representative predators.

Figure 10 shows the change in annual yield

of Japanese mackerel, Scomber japonic pis, from

the Wakasawan area. This was obtained from

the statistics of the Ministry of Agriculture

and Forestry. Spring mackerel fishing in the

area usually is carried out during the period

approximately corresponding to the swarming

season of euphausiids, and examination of

stomach contents of mackerel has shown that

the mackerel is predatory on euphausiids. A
conspicuous increase in the yield from 1945 to

1946 (Fig. 10) probably was caused by resto-

ration of the local fishing fleet from the war-

time decline, i.e., the increase of fishing effort.

In 1949, when an extraordinary abundance of
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Fig. 8. Water temperature 10 miles off Tsubakishima.

fall 1954; (b), fall 1954 to fall 1955.

mackerel was fished, abnormally conspicuous

swarming of euphausiids was observed in this

area (Fig. 7). Rapid decrease in mackerel

yield occurring in 1952 and thereafter may be

related to the disappearance of the spring

swarms of euphausiids from the coastal area

after that year.

Location shown in Figure la. ( a ), Fall 1953 to

Table 3 shows the change in annual yield

of sand eel, Ammodytes personatus, from the

Kinkazan waters. In general, the fishing season

of sand eel in this area starts in January and

terminates by the end of July, and they are

taken from almost the same area as the

euphausiid fishing ground shown in Figure lb.
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Fig. 9. Monthly mean temperature in each of four

spring months from 1943 through 1957 at Kyogasaki.

Dashed lines show mean temperatures, 1915-1957;

solid lines show least squares regressions for 1943-

1957.

Comparing Table 3 with Table 2, it is obvious

that annual yields of both euphausiids and sand

eel from the area fluctuate in parallel.

In addition to the sand eel, the sea gull,

Larus crassirostris, and a small blackish bird,

Cerorhinca monocerata, can be considered pred-

ators on euphausiids in the Kinkazan waters.

According to local fishermen, C. monocerata

can dive into the deep, and it probably attacks

submerged euphausiids from the bottom and

drives them up to the surface.

DISCUSSION

It has been clearly demonstrated here that

the swarming of Euphausia pacifica in the

nearshore waters of Japan is closely related to

Fig. 10 . Annual yield of Japanese mackerel.

Scomber japonicus, from the Wakasawan area.

cold water temperatures. This may be expected,

since the species is a boreal form, occurring

commonly north of the subarctic convergence,

as shown by Banner (1949), Boden et al.

(1955), Nemoto (1957), Brinton (1962^),

and Ponomareva (1963). The habitat is cres-

cent in shape, covering the northern part of

the North Pacific. E. pacifica occurs in the cold

water lying under the upper strata in the Sea

of Japan (Komaki and Matsue, 1958).

Inasmuch as the branches of the warm
Kuroshio wash the Japanese coasts, E. pacifica

may be excluded from the coastal areas except

during the coldest season, while it is more

commonly concentrated in the nearshore and

inshore waters of the eastern North Pacific

(Banner, 1949; Boden et al., 1955; Brinton,

1962^, b\ Banse and Semon, 1963; Regan,

1963). Except during its swarming season.

TABLE 3

Annual Yield of Sand Eel, Ammodytes
personaius, from the Kinkazan Area*

YEAR YIELD (TONS)

1953 741.7

1954 349.6

1955 580.8

1956 4,029.1

* From the statistics of the Onagawa fish market.
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E. pacifica is seldom found in the stomachs of

various fishes caught on the continental shelves

around Japan. Therefore, the approach of the

offshore populations of E. pacifca into near-

shore waters must be the first step of swarm-

ing in the coastal area around Japan. It may

be considered as a seasonal expansion of their

distribution to the coastal areas, inasmuch as

Beklemishev and Semina (1956) and Semina

(1958) demonstrated that the seasonal change

of zoo- and phytogeographical boundaries ac-

companied the seasonal shift of the conver-

gence between Kuroshio and Oyashio.

The size of the approaching offshore popu-

lations may be strongly influenced by tempera-

ture conditions from year to year. Uda (1964)

illustrated and discussed the meanderings of

the Kuroshio. Masuzawa (I960) discussed the

annual variation of the Kuroshio axis, and

showed that the north-south swing of the axis

around the point of 36°N, 144°E was much
greater than that of the other portions, and

also that there is a possibility that the isolation

of the water bodies may take place at the top

of the conspicuous current axis curvature. The

point mentioned above is located in the south-

east off Kinkazan, and therefore it is quite

possible that an isolated warm water mass from

the top of the northward curvature of the

Kuroshio approaches the coastal region around

Kinkazan in some cases. The extraordinarily

high temperature observed in the winter and

spring months of 1954 possibly was caused by

such an approach of the isolated water mass,

although Masuzawa’s data of 1954 through

1959 showed that the northernmost meander-

ing of the current axis occurred in 1955 and

not in 1954.

Miyata and Shimomura (1959) and Miyata

(I960) classified several cold water masses in

the offshore areas of the Sea of Japan and dis-

cussed their location and transference. Uda
(1952, 1958) discussed the variation of the

conditions in this sea, describing the change

of the position of the polar front from year

to year. It cannot be doubted that the offshore

cold water masses come close to the Honshu
coasts in winter and spring when the monsoon

blowing from Siberia prevails.

Actually, the cold water masses defined by

the above workers are located off the zones

445

where the swarming of euphausiids takes place

most actively, e.g., around Sadogashima (zone

8), in the Wakasawan area (zones 15 and 16),

and around Oki (zone 21) (Fig. la). In

winter and spring these cold water masses may
protrude against the coastal areas in the man-

ner of a tongue. The warm water of the

Tsushima current is very shallow because of

the shallowness (about 100 m) of the

Tsushima Kaikyo. Accordingly, it is likely that

the originally warm Tsushima current water

will be mixed with cold water masses through

relatively simple processes.

The stronger the approach of offshore cold

water masses to the coast and the stronger the

mixing in the coastal areas, the more profuse

will be the s warmings of euphasiids along the

coasts on the Sea of Japan. As a matter of fact,

Uda (1958) showed that the polar front came

very close to the Honshu coast during the

period from 1946 to 1949, while it was away

from the coast after 1952. It appears that such

approach and recession of the polar front corre-

sponds in time to the change in swarming

(Fig. 7).

Thus, low temperature induces the coastward

approach of the offshore stocks of E. pacifca,

and it must be one of the indispensable con-

ditions for surface swarming in Japanese near-

shore areas. However, it would be premature

to conclude that it is the only sufficient con-

dition. One is still unable to explain why
euphausiids do not swarm in early and middle

winter months when the temperature is as low

as it is in spring and vertical mixing is actively

taking place, and why they come to the surface

in the daytime when the light intensity may
be harmful to them.

There have been several different opinions

as to the cause of the daytime surface-swarming

of euphausiids: (a) Predators may drive

euphausiids to the surface, as previously men-

tioned. (b) Euphausiids come to the surface

to search for food in the upper strata where

phytoplankton is abundant (Paulsen, 1909;

Manteufel, 1938, 1941). (c) Current condi-

tions may accumulate euphausiids, or stimulate

them to swarm at the surface (Fish and John-

son, 1937; Einarsson, 1945; Peters, 1955).

(d) Some internal demands related to matu-

ration or reproduction may drive euphausiids
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to the sea surface (Sheard, 1953; Ponomareva,

1959, 1963; Zelickman, 1961). Although these

theories are still controversial, the last can prob-

ably be applied to the swarming of E. pacifica

in Japanese nearshore waters.

The author observed that more than 50% of

the females in a few swarms in the Sea of

Japan had spermatophores in the thelycum. No
specimens from the Kinkazan area were carry-

ing spermatophores. However, the females

were full-grown and the degree of maturation

of the ovaries corresponded to the stage 3 de-

fined by Ruud (1932) or to the stage 5 or 6

established by Bargmann (1945) for Euphausia

superb a. As is shown in Figure 2, offshore

populations of E. pacifica seem to come close

to the coast around Kinkazan with a pulselike

rhythm. This may suggest that the population

of E. pacifica can be divided into several stocks

in accordance with the phase of maturation,

and that, as stocks reach a certain degree of

maturity, they approach the coast in succession.

The tendency for swarming to occur earlier

in the southern part of the Sea of Japan than

in the northern part, as shown in Figure 3,

may be understood in relation to the geo-

graphical difference between the maturing or

reproduction phases of euphausiids and to sea-

sonal differences in temperature of the two

areas.

Kun’s opinion (1955) on the daytime ascent

of Calanus tonsus, which may be related to a

biochemical process (e.g., transformation of

vegetable carotenoids into vitamin A by ultra-

violet radiation) may be applied to the swarm-

ing of euphausiids. During certain periods of

their maturing or reproductive process, eu-

phausiids might need rather strong daylight,

regardless of the usual daytime level of their

vertical distribution. As listed in Table 1,

nearly all species whose swarming has been

reported hitherto are cold water forms. This

suggests that their physiology should be ana-

lyzed, with the objective of solving the mech-

anism of this peculiar behavior of euphausiids.
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